40 % similarity), yellow (40 % similarity) to dark red (100 % identity). The residue numbering is according to the ctAcl4 sequence. The -helical regions are represented as blue rectangles and are numbered from A to M. Gray dots indicate residues of the crystallized construct that were not observed in the electron density map and are presumed to be disordered. Tryptic digest of ctRpL4 and ctAcl4•ctRpL4. GST-ctRpL4 and His 6 -ctAcl4 were purified from E. coli. GST-ctRpL4 was immobilized on GSH-beads and incubated with excess of 3 and 4) . Epitope pulse-chase analysis of RpL4 (lanes 1-3), RpL4 R95E/R98E (lanes 4-6) and RpL4 I289A/I290A/I295A (lanes 7-9), RpL4 K332E/F334A
(lanes 10-12), RpL4 63-87 (lanes 13-15). RpL4 and RpL4 mutants were pulsed for 0 minutes (lanes 1, 4, 7, 10, 13) or 5 minutes (lanes 2, 5, 8, 11, 14) based on GAL::tcapt-HA-RpL4-Flag-ProtA constructs and subsequently chased for 19 minutes (lanes 3, 6, 9, 12, 15), followed by tandem affinity-purification and SDS-PAGE. Shown is the initial SDS-PAGE gel, which was stained with silver (upper panel), and derived Western blots using the indicated antibodies (lower panels). Gel and blots were cut and arranged for better illustration of the data (see Figure 3B and 4B). Antibody cross-reaction with standard protein bands (M) is indicated by asterisks. Mat, 15, 112, 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES Recombinant Protein Expression and Purification
Chaetomium thermophilum (ct) Acl4, RpL4 and Kap104 DNA fragments or Saccharomyces cerevisiae (sc) Acl4 and RpL4 fragments were amplified by PCR and ligated into the bacterial expression vectors pGEX-6P-1 (GE Healthcare), a modified pET28b vector (Novagene) (Mossessova and Lima, 2000) . Quickchange mutagenesis (Stratagene) was performed to create mutant RpL4 and constructs were confirmed by DNA sequencing. scAcl4, RpL4 and Kap104 ORFs were ligated into pETDuet-1 or pET24d-GST expression vectors. For further details on construct generation and a full list of constructs, see Table S34 .
Bacterial expression constructs were transformed in Escherichia coli BL21-CodonPLUS(DE3)-RIL cells (Stratagene) and grown in LB medium to an OD 600 of approximately 0.6 prior to induction with 0.5 mM isopropyl -D-thiogalactoside (IPTG).
Cells were harvested after 20 hours of expression at 23 °C and resuspended in a buffer containing 20 mM TRIS (pH 8.0), 500 mM NaCl, 5 mM -mercaptoethanol (-ME, Sigma), 2 M bovine lung aprotinin (Sigma) and complete EDTA-free protease inhibitor cocktail (Roche) and were subsequently flash frozen in liquid nitrogen. Cell lysis was performed with a cell disruptor (Avestin) and lysates were centrifuged for 1 hour with 40,000 x g at 4 °C. The supernatant fraction was applied to a Ni-NTA column, equilibrated with a buffer containing 20 mM TRIS (pH 8.0), 500 mM NaCl, 10 mM imidazole (pH 8.0) and 5 mM -ME. Proteins were eluted with a linear gradient of buffer containing 20 mM TRIS (pH 8.0), 500 mM NaCl, 500 mM imidazole (pH 8.0) and 5 mM -ME. The eluted protein was cleaved with ubiquitin-like-specific protease 1 (ULP1) and dialyzed against a buffer containing 20 mM TRIS (pH 8.0), 100 mM NaCl, and 5 mM -ME. After cleavage, the protein was applied to an additional Ni-NTA column followed by further binding to a HiTrapQ HP (GE Healthcare) ion exchange column. The protein was eluted by applying a linear gradient of a buffer containing 20 mM TRIS (pH 8.0), 2 M NaCl and 5 mM DTT. The protein was concentrated and loaded on a HiLoad 16/60
Superdex 75 or HiLoad 16/60 Superdex 200 column (GE Healthcare). ctAcl4 1-338 was purified in buffer containing 150 mM NaCl instead of 100 mM NaCl. Seleno-Lmethionine-labeled (SeMet) proteins were produced in a synthetic medium that suppresses methionine biosynthesis, following standard protocols (Doublie, 1997) .
Protein-Protein Interaction Analysis
GST pull-down experiments were performed by incubating 100 l glutathione coupled Sepharose beads (GE Healthcare) with lysate of 1 liter bacterial expression cultures for 1 hour at 4 °C. The beads were washed three times with 50 ml of cold buffer containing 20 mM TRIS (pH 8.0), 100 mM NaCl and 5 mM DTT and were centrifuged at 500 x g at 4 °C. Bound proteins were eluted by incubating beads for 15 minutes on ice with a buffer containing 20 mM TRIS (pH 8.0), 100 mM NaCl, 5 mM DTT and 20 mM reduced glutathione. The elution and load fractions were analyzed by SDS-PAGE and visualized with Coomassie brilliant blue staining. GST-coupled protein binding experiments of E.
coli expressed yeast proteins were performed by incubating 50 l GST-bait coupled Sepharose beads (GE Healthcare) with purified protein eluates from E. coli. The beads were washed four times with 5 ml cold buffer containing 20 mM TRIS-HCl (pH 7.5), 150 mM NaCl, 50 mM potassium acetate, 2 mM magnesium acetate, 0.1 % (w/v) NP-40.
Bound proteins were eluted by boiling beads with SDS-sample buffer for 3 minutes at Coomassie brilliant blue staining.
TANDEM-affinity purification from yeast cells
Tandem-affinity purifications were, unless otherwise indicated, performed in a buffer containing 20 mM TRIS-HCl (pH 7.5), 150 mM NaCl, 50 mM potassium acetate, 2 mM magnesium acetate, 0.1 % (w/v) NP-40 as previously described (Stelter et al., 2012) .
Cell pellets from 2 L cultures were broken in a mill (pulverisette FRITSCH) and extracts were centrifuged for 10 minutes at 3,400 x g, followed by centrifugation of the supernatant for 20 minutes at 35,000 x g. The supernatant was incubated with 300 l Sigma-Alderich E3290) for 45 minutes at 4 °C. Protein bound to Calmodulin beads were washed with 10 ml purification buffer and eluted with 540 l elution buffer (10 mM TRISHCl (pH 8), 5 mM EGTA (pH 8), 50 mM NaCl) for 10 minutes at 30 °C.
Multiangle Light Scattering
Purified ctAcl4 , ctAcl4
1-398
•ctRpL4 1-365 and ctKap104 1-938 were characterized by multiangle light scattering (MALS) followed by size exclusion chromatography (SEC).
Protein samples were injected onto a Superdex 200 10/300 GL size exclusion column (GE Healthcare) pre-equilibrated with buffer containing 20 mM TRIS (pH 8.0), 100 mM NaCl and 5 mM DTT. An 18-angle light scattering detector (DAWN HELEOS II; Wyatt Technology), a dynamic light scattering detector (DynaPro Nanostar; Wyatt Technology), and a refractive index detector (Optilab T-rEX; Wyatt Technology) were connected in series, following the size exclusion column. SEC-MALS data were collected at 25 °C at a flow rate of 0.5 ml/min every 1 second. ASTRA6 was used for data analysis to obtain the molecular mass and mass distribution (polydispersity) of the proteins (Wyatt, 1997) .
Crystallization and Data Collection
Diffracting crystals of ctAcl4 1-338 and ctAcl4 28-338 were obtained by hanging drop vapor diffusion, combining 1 l of protein solution and 1 l of crystallization buffer and incubation at 21 °C. Crystals of ctAcl4 1-338 grew at a protein concentration of 15 mg/ml in a crystallization buffer containing 0.2 M ammonium citrate tribasic (pH 7.0) and 20 % (w/v) PEG 3350. Crystals of ctAcl4 28-338 crystallized in a buffer containing 0.2 M potassium formate and 20 % (w/v) PEG 3350. X-ray diffraction data were collected at 100 K at the GM/CA beamline at the Advanced Photon Source (APS) to a resolution of 2.9 Å from native and SeMet-labeled protein that both crystallized in the spacegroup P1.
X-ray diffraction data were processed using HKL2000 denzo/scalepack package (Otwinowski and Minor, 1997) . The structure of ctAcl4 28-338 was solved by multiwavelength anomalous dispersion (MAD) using anomalous scattering data collected at the selenium edge of SeMet-labeled protein. SHELXD was used to locate four selenium sites and SHARP was used to calculate initial phases (Bricogne et al., 2003; Sheldrick, 2008) . Density modification with solvent flattening and histogram matching was performed using DM (Bailey, 1994) . The obtained experimental electron density map was of high quality and allowed for generating a model for ctAcl4 . Iterative rounds of model building in COOT and refinement in PHENIX yielded a final model of ctAcl4 , consisting of residues 28 to 310. No electron density was observed for residues 311 to 338 and these residues are presumed to be disordered (Adams et al., 2010; Emsley and Cowtan, 2004) . The structure was refined with R work and R free values of 21.9 % and 25.6 %, respectively. The structure of ctAcl4 1-338 was solved by molecular replacement using the structure of the ctAcl4 28-338 fragment as a search model in Phaser and refined with R work and R free values of 24.0 % and 26.1 %, respectively (Mccoy et al., 2007) . The final model of ctAcl4 1-338 contained residues 28 to 310, no electron density was observed for residues 1 to 27 and 311 to 338. Both structures possess excellent stereochemistry with no residues in the disallowed region of the Ramachandran plot as determined with MolProbity (Davis et al., 2007) . Details of the data collection and structure refinement statistics are summarized in Table S1 .
Electron Microscopy and Image Processing
The ctAcl4•ctRpL4 complex was loaded onto a 200 l cushion of 7.5 % (v/v) glycerol in a buffer containing NB (20 mM HEPES (pH 7.5), 150 mM NaCl, 50 mM potassium acetate, 2 mM magnesium acetate, 5 % (v/v) glycerol) followed by a linear 10-30 % (v/v) glycerol and 0-0.15 % (v/v) glutaraldehyde gradient (Kastner et al., 2008) . Samples were centrifuged in a SW 60 Ti Rotor (Beckman Coulter) for 18 hours at 336,000 x g and 4 °C, before 200 l fractions were collected and analyzed by a negative staining EM.
For negative staining, 5 l of sample were placed on a freshly glow-discharged, carbon-coated grid, and then washed three times with water, stained with 2 % (w/v) uranyl acetate and dried. Micrographs were recorded using a JEOL JEM-1400 microscope equipped with a 2 K x 2 K Tietz-CCD camera (TVIPS F224) at a nominal magnification of 20,000, operating at 120 kV. The nominal pixel size was 3.9 Å. 13,616
single particles were selected semi-automatically using "Boxer" with an 80×80-pixel window (Ludtke et al., 1999) . Subsequent image processing was carried out in IMAGIC-4D (van Heel et al., 1996) . Particles were band-pass filtered and normalized in their gray value distribution and mass centered. Two-dimensional alignment and iterative refinement of class averages followed the procedures described in (Liu and Wang, 2011) . The calculation of the 3D maps followed the procedures described in (Lutzmann et al., 2005) . Relative spatial orientations were determined by sinogramm correlation.
This process was started several times, beginning with different class averages for the initial determination of Euler angles. Three-dimensional maps were calculated using the exact weighted back projection algorithm. Determination of Euler angles and calculation of 3D maps were repeated until the map converged into a stable shape, from which projections could be generated that were similar to all of the initially observed class averages. A 3D map was further refined by projection matching. This process was repeated several times. The resolution was estimated by dividing images randomly into two equally populated sets, reconstructing separately and determining the Fourier shell correlation. The estimated resolution based on where the 1/2 bit curve crosses the FSC curve is 26 Å. The final volumes were visualized using the UCSF Chimera package software and Gaussian filtered (Pettersen et al., 2004) .
Illustrations and Figures
Structure figures were generated using PyMOL (www.pymol.org). The electrostatic potential was calculated using APBS (Baker et al., 2001) . Sequence alignments were generated using ClustalX (Jeanmougin et al., 1998) and colored with ALSCRIPT (Barton, 1993) .
Ribosome Profiling
Ribosome polysome profiles were analyzed by sucrose gradient centrifugation.
Logarithmic growing yeast strains at an OD 600 of ~0.8 were incubated with 0.1 mg/ml cycloheximide for 15 minutes. 200 ml of cells were harvested at an OD 600 of ~0.8 and lysed in 600 l buffer, containing 20 mM HEPES (pH 7.5), 1 mM EGTA, 2.5 mM MgCl 2 , 10 mM KCl, using glass beads and vortexing. 200 l of the cell extract were layered onto a 10-45 (w/v) % linear sucrose gradient and centrifuged for 16 hours at 66,800 x g and 4 °C.
